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(57) In a mobile communication system, independ- 
ent versions of a signal are transmitted over plural an- 
tennas. The antennas are either spatially separated or 
orthogonally polarized with respect to each other so that 
the independent versions of the signal are not subjected 
to correlated fading. Each independent version of the 
signal is transmitted from a respective antenna a fixed 
delay after transmission of a previous version of a signal 



from a different antenna. The fixed delay is at least one 
information bit of the signal. Received versions of the 
signal are equalized in an equalizer or RAKE architec- 
ture to provide a composite signal. The equalizer has 
respective sets of equalizer taps that are separated from 
adjacent sets of equalizer taps by the fixed delay. The 
FIAKE architecture has respective sets of RAKE fingers 
that are separated from adjacent sets of RAKE fingers 
by the fixed delay. 
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Description 

Field Of The Invention 

[0001] The present invention relates to transmit diver- 
sity and reception equalization in a mobile communica- 
tion system for reducing required transmitted power 
needed to achieve reliable communication. 

Description of the Background Aft 

[0002] In duplex radio systems such as cellular tele- 
phone systems including a forward link and a reverse 
link, link balance must be maintained to ensure overall 
communication quality. Typically, reverse link receiver 
systems at a cellular base station employ diversity re- 
ception with two or more reception antennas spread 
7-1 0^ 6o that fading of mobile station transmission as 
perceived by the base station can be mitigated. Howev- 
er, multiple antennas and receiver channels are not fea- 
sible lor vehicle mounted or hand-held mobile commu- 
nication devices in which small size and reduced cost 
are important. Since vehicle mounted or hand-held mo- 
bile communication devices can not employ reception 
diversity, uplink perlormance is typically 6-7 dB better 
than downlink performance. Conventionally link bal- 
ance is maintained by using a stronger base station 
downlink transmission power amplifier to make up for 
the lack of diversity reception at the mobile receiver to 
thus improve downlink performance. However, in- 
creased power transmission has negative impact on link 
power budget, component size, weight and cost and al- 
so results in increased system interference. 
[0003] Fig. 1 illustrates a conventional mobile com- 
munication system including base station 60 having a 
single base station transmit antenna 601 that wirelessly 
transmits a signal to mobile station 70 having antenna 
701 . Due to environmental obstacles such as buildings, 
trees or mountains located between mobile station 70 
and base station 60, a signal transmitted from base sta- 
tion 60 will be received at mobile station 70 along with 
a plurality of multipath signals which are delayed in time 
after reflecting off various obstacles. Fig. 2 illuslrates 
multipath delay of the received signal due to environ- 
mental obstacles. An adaptive equalizer within mobile 
station 70 has variable magnitude weightings and time 
offsets to compensate for changes in channel response 
due to motion of the mobile station which changes the 
geometry ol signal reflections in the environment. Upon 
receiving a signal, the equalizer delays the multipaths 
of the received signal in an attempt to flatten the re- 
ceived channel response to compensate for radio chan- 
nel distortions created by multipath. The equalizer func- 
tions in the frequency domain toadaptively mitigate the 
smearing of the multipaths. 

[0004] In North American time division multiple ac- 
cess (TDMA) systems, which transmit narrow band sig- 
nals of 30 kHz, the bit period is very long and the equal- 



izer taps of the mobile station equalizer are separated 
by 1/4 to 1 bit, which corresponds to multipath echoes 
from great distances. Since propagation delays from 
multipaths due to environmental obstacles are relatively 
s short (typically 1/4 of an information bit), mobile station 
equalizers in TDMA systems do not effectively mitigate 
multipaths caused by environmental reflections be- 
cause most of the multipath is within delays that are too 
short for the equalizer to handle. In general, since mo- 
10 bile station equalizers in TDMA systems can not effec- 
tively mitigate multipath smearing, the equalizers are 
thus usually maintained in a differential mode (equalizer 
OFF). On the other hand, equalizer receivers in mobile 
stations of GSM (Global System for Mobile Communi- 
ty cations) systems and RAKE receivers in mobile stations 
of CDMA (code division multiple access) systems may 
significantry mitigate multipath. However, the configura- 
tion of the equalizer receivers and RAKE receivers for 
GSM and CDMA systems are complex. 
20 [0005] Fig. 3 illustrates the effects of conventional di- 
versity reception as plotted in terms of depth of fade with 
respect to fading probability. For example, in the case 
of one-branch reception using a single antenna, ten per- 
cent of the time the signal fade is 25dB or more. How- 
2s ever, in the case of two-branch reception in which two 
signals are received using two different, independent 
antennas that are spatially separated at the base station 
such that the signal as received at the two antennas 
does not fade simultaneously, ten percent of the time 
30 the signal fade is 15dB of more. In the case of four- 
branch reception using four antennas, ten percent of the 
time the signal fade is 10dB or more. A diversity gain of 
10dB is therefore realized for two-branch reception in 
contrast to one-branch reception using the same trans- 
35 mitted signal strength. The fade margin is less for two- 
branch reception in this case and link budget can there- 
fore be conserved since a given reception criteria can 
be realized using lower signal strength and multiple re- 
ception branches. However, reception diversity at a mo- 
40 bile station is impractical since typical hand-held or port- 
able mobile units cannot include multiple antennas that 
are spatially separated. 

Summary Of The Invention 

45 

[0006] The present invention improves downlink per- 
formance in a mobile communication system without in- 
creasing base station transmit power by employing base 
station transmitter diversity combined with mobile sta- 
so tion reception equalization. A multichannel transmitter 
including multiple transmit antennas transmits a signal 
and one or more additional independent versions of the 
same signal with time delay to a mobile station. The en- 
ergy of the independent received versions of the signal 
55 are equalized in the frequency domain at the mobile sta- 
tion using an equalizer or synchronized in time in a 
RAKE receiver to produce a composite signal. The di- 
versity gain effect may thus be achieved so that the fad- 
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ing immunity margin of the system is increased, less to- 
tal transmitted power is required and generated interfer- 
ence is reduced. 

Brief Description Of The Drawings 
[0007] 

Fig. 1 illustrates a conventional mobile communica- 
tion system including a base station having a single 
transmit antenna; 

Fig. 2 illustrates muitipaths of a signal received at 
the mobile station of Fig. 1 in the time domain; 

Fig. 3 illustrates the effects of receiver diversity for 
multiple branch reception; 

Fig. 4 illustrates a mobile communication system of 
an embodiment of the invention; 

Fig. 5 illustrates transmit diversity of an embodi- 
ment of the invention at a base station including plu- 
ral transmit antennas; 

Fig. 6 illustrates a base station transmitter of an em- 
bodiment of the invention; 

Fig. 7 illustrates a mobile station receiver of an em- 
bodiment of the invention; 

Fig. 6 illustrates an embodiment of an equalizer of 
the mobile station receiver of Fig. 7; 

Fig. 9 is a graph illustrating the received muitipaths 
of a first independent version of the signal transmit- 
ted without delay and received muitipaths of a sec- 
ond independent version of the signal transmitted a 
predetermined delay time after transmission of the 
first version, as operated on in the equalizer por- 
tions of Fig. 8; 

Fig. 10 illustrates independent fading of the inde- 
pendent versions of the signal; and 

Fig. 11 illustrates a RAKE architecture of an alter- 
native embodiment of the mobile station receiver of 
Fig. 7. 

Detailed Description Of Preferred Embodiments 

[0008] Fig. 4 illustrates a mobile communication sys- 
tem of a preferred embodiment of the invention which 
utilizes transmit diversity and reception equalization. 
The mobile communication system may be a TDMA, 
GSM or CDMA mobile communication system. As illus- 
trated, the mobile communication system includes a plu- 
rality of base stations 30 and 31 which wire less ly trans- 



mit and receive communication signals to/from mobile 
station 10. Although not illustrated, each of base sta- 
tions 30 and 31 may cover respective sectors. Mobile 
switching center 40 is connected to the plurality of base 

5 stations 30 and 31 via communication lines L and is fur- 
ther coupled to public switched telephone network 
(PSTN) 50 to enable communication between mobile 
station 10 and another party on PSTN 50. Although two 
respective base stations are illustrated, it is to be under- 
go stood that the mobile communication system may in- 
clude any number of base stations. 
[0009] In order to achieve transmit diversity, two or 
more independent versions of the same signal are trans- 
mitted from base station 30 to mobile station 10 for ex- 

1S ample. As illustrated in greater detail in Fig. 5, in a pre- 
ferred embodiment base station 30 includes two anten- 
nas 301 and 302 that are spatially separated horizon- 
tally by at least 7-1 OX, wherein X is wavelength. The an- 
tennas are spatially separated so that the independent 

20 versions of the same signal may be transmitted to mo- 
bile station 10 over different effective radio channels that 
are not subject to identical fading. In the alternative, 
each of antennas 301 and 302 may be spatially sepa- 
rated vertically. In a further embodiment, each of anten- 

25 nas 301 and 302 may be orthogonally polarized (verti- 
calmorizontal dual polarization or dual slant polariza- 
tion) with respect to each other to provide different in- 
dependently fading transmissions. In a still further alter- 
native, transmission independence may be provided 

50 through a combination of spatial separation and orthog- 
onal polarization of antennas 301 and 302. Moreover, 
although only two antennas 301 and 302 are illustrated, 
the base station may transmit the independent versions 
of the same signal over any number of antennas to fur- 

35 ther improve the diversity effect 

[0010] In order to effectively achieve the diversity ef- 
fect, the independent versions of the signal transmitted 
from base station 30 and received by mobile station 10 
must be separable from each other. In order to avoid FtF 

<to energy of the independent versions of the transmitted 
signal from merely combining during transmission to 
form a combined signal received at mobile station 10 
having random net phase sums and random net phase 
nulls, the independent versions of the transmit signals 

45 are transmitted from antennas 301 and 302 of base sta- 
tion 30 non-simuttaneousty. Accordingly, Fig. 5 illus- 
trates a first independent version of the signal and the 
corresponding muitipaths as transmitted from antenna 

301 to mobile station 10 indicated by solid lines. Fig. 5 
so also illustrates a second independent version of the sig- 
nal and the corresponding muitipaths as transmitted 
from antenna 302 to mobile station 10 indicated by 
dashed lines, the second independent version being 
transmitted from antenna 302 a predetermined delay 

55 time A after transmission of the signal from antenna 301 . 
In other words, the signal is transmitted from antenna 

302 an artificial delay time after transmission of the sig- 
nal from antenna 301 . 
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[0011] Fig. 6 illustrates the base station transmitter ol 
base station 30 of Fig. 5 in greater detail. Input data or 
voice In is provided to coder 310. In TDMA and GSM 
mobile communication systems, coder 310 may perform 
pulse code modulation (PCM) for example. In a CDMA 
mobile communication system, coder 31 0 may be a var- 
iable-rate vocoder (video compression or data compres- 
sion) using conventional coding algorithms as would be 
well within the level of ordinary skill. The coded signal 
is provided to interleaver 31 2 which interleaves the cod- 
ed signal to mitigate the loss of entire blocks of data due 
to fading. The interleaved data is provided to modulator 
314 which modulates the interleaved data using DQPSK 
(n/4 differential quadrature phase shift keying) for TDMA 
systems, GMSK (gaussian minimum shift keying) for 
GSM systems and QPSK (quadrature phase shift key- 
ing) for CDMA systems, for example. 
[0012] The modulated signal output from modulator 
314 is provided to amplifier 330 which amplifies the 
modulated signal and provides the amplified signal to 
antenna 301 for wireless transmission to mobile station 
10. The modulated signal is also provided from modu- 
lator 314 to fixed delay element 320 which delays the 
modulated signal by a predetermined delay time A and 
then subsequently outputs the delayed signal. The pre- 
determined delay time A is selected to be greater than 
one information bit period of the transmitted signal to 
prevent RF lobing where nulls are formed in the transmit 
pattern as in the case of simultaneous transmission from 
an array of antennas fed from a common source, and 
inter-symbol interference where the transition edges be- 
tween digital states suffer time dispersion. 
[001 3] Amplifier 331 amplifies the delayed signal out- 
put from delay element 320 and provides the amplified 
signal to antenna 302 for wireless transmission to mo- 
bile station 10. Thus, the signal is transmitted from an- 
tenna 302 to mobile station 1 0 independently of and at 
a predetermined delay time A after transmission of the 
signal from antenna 301 . The modulated signal is also 
provided to delay element 32 N which delays the modu- 
lated signal by a predetermined delay time NA and then 
subsequently outputs the delayed signal. Amplifier 33N 
amplifies the delayed signal provided from delay ele- 
ment 32N and then provides the amplified signal to an- 
tenna 30N for wireless transmission to mobile station 
10. Thus, the signal is transmitted from antenna 30N to 
mobile station 10 independently of and at a predeter- 
mined delay time NA after transmission of the signal 
from antenna 301 . It is to be understood that N is an 
integer and that the number of transmission branches 
in the base station is not limited. The diversity eftect im- 
proves as the number of transmission branches increas- 
es. 

[0014] Fig. 7 illustrates a preferred embodiment of a 
receiver of mobile station 10 of Fig. 4. Antenna 1 01 wire- 
lessly receives the signals transmitted from antennas 
301 , 302 and 30N of the base station transmitter ot Fig. 
6. A signal as received is provided to demodulator 102 



which demodulates the signal in accordance with the 
corresponding modulation scheme used at base station 
30. For instance, DQPSK, GMSK and QPSK demodu- 
lation is carried out by demodulator 102 for TDMA, GSM 
s and CDMA systems, respectively. The demodulated sig- 
nal is provided to equalizer 104, which will be described 
in greater detail hereinafter, such that the independent 
versions of the signal as transmitted by antennas 301, 
302 and SON with delay may be combined to form a com- 
70 posite signal. The composite signal output from equal- 
izer 104 is provided to de-interleaver 106 and is de-in- 
terleaved in a complimentary manner to the interleaving 
performed by interleaver 312 of the base station trans- 
mitter of Fig. 6. The de-interleaved signal is provided to 
is decoder 108 which performs corresponding decoding to 
provide signal Out, which may be data or voice. 
[0015] Fig. B illustrates an equalizer of a preferred em- 
bodiment of the invention for use in TDMA systems. 
Equalizer 104 is a split equalizer including equalizer por- 
tions 1 20 and 1 30 which are each three-tap adaptive 
equalizers. Fixed delay element 140 is included as cou- 
pled along the delay lines between equalizer portions 
120 and 130. It is to be understood that Fig. 8 illustrates 
an example of an equalizer for a mobile station that re- 
ceives two independent versions of a signal since two 
equalizer portions are implemented. Generally, equaliz- 
er 104 includes the same number of equalizer portions 
N as antennas N over which independent versions of 
the signal are transmitted from the base station. A re- 
spective fixed delay element 140 is coupled between 
each pair of equalizer portions. 
[0016] The demodulated signal output from demodu- 
lator 102 of Fig. 7 is provided to fixed or variable delay 
element 121 and multiplier 123 of equalizer portion 120 
of Fig. 8. Delay element 121 delays the demodulated 
signal by delay time t 1 and provides a delayed output 
to delay element 122 and multiplier 124. Delay element 
122 further delays the output of delay element 121 by 
delay time x 2 and provides a delayed output to multiplier 
125. Delay elements 121 and 122 form a tapped delay 
line and each provide delay of 1/4, 1/2 or one full infor- 
mation bit period of the transmitted signal, but generally 
provide a much shorter delay than a full information bit 
period. The delayed output of delay element 122 is also 
provided to fixed long delay element 140 as a delayed 
output of equalizer portion 1 20, Each of multipliers 1 23, 
124 and 125 respectively multiply the corresponding in- 
puts by magnitude weightings h 1( h 2 and h 3 . The mag- 
nitude weightings h, , h 2 and h 3 are provided adapttvely 
to equalize the signal in a conventional manner. The 
multiplied outputs of each of multipliers 1 23-1 25 are pro- 
vided to summer 126 which sums the multiplied outputs 
to provide a summed output of equalizer portion 1 20 that 
is output to equalizer portion 1 30. 
[0017] With regard to the delay elements 1 21 and 1 22 
which form the tapped delay line in equalizer portion 
1 20, in North American TDMA systems, the bit period is 
very long relative to the environmentally induced natural 
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mufti path echoes. A two-tap equalizer is the longest 
equalizer used in practice since the use of more taps 
produces no benefits. Typically, the delay between taps 
is as small as possible, usually 1/4 of a bit period. Other 
equalizers may use 1/2 or one full bit delays between 
successive taps. Because of the long bit period in TDMA 
systems which corresponds inversely with the very nar- 
row bandwidth of 30KHz, the 1/4 bit period spaced sec- 
ond tap is relatively ineffective for compensating chan- 
nel distortions and consequently less than 1 dB of gain 
is achieved. Accordingly, the TDMA equalizer is often 
turned off and differential detection is used instead with- 
out compensation for intersymbol interference. On the 
other hand, in GSM systems, the environmentally in- 
duced multipath echoes create severe intersymbol in- 
terference that must be compensated by an equalizer. 
In GSM systems, 5 to 8 tap equalizers are typically em- 
ployed and effective gain is much greater than 10 dB of 
link budget improvement. For equalizer based channel 
compensation, the distortion produced due to multipath 
is analyzed in the frequency domain and the weights for 
the successive taps are set to create a flat response 
over the channel bandwidth. 

[0018] Returning to the TDMA equalizer of Fig. 8, el- 
ement 140 delays the delayed output of equalizer por- 
tion 120, as provided from delay element 122, by the 
predetermined delay time A described with reference to 
Fig. 6. Fixed long delay element 140 provides a delay 
of at least one information bit period, preferably two or 
three information bit periods of the transmitted signal, 
so that the independent versions of the received signal 
may be separated. The output of fixed long delay ele- 
ment 1 40 is provided to delay element 1 31 and multiplier 
1 33 of equalizer portion 1 30. Delay element 1 31 delays 
the output of fixed delay element 140 by delay time t 3 
and provides a delayed output to delay element 1 32 and 
multiplier 134. Delay element 132 delays the output of 
delay element 131 by delay time x 4 and provides a de- 
layed output to multiplier 135. Delay elements 131 and 
1 32 form a tapped delay line and provide delay as de- 
scribed previously with regard to delay elements 121 
and 122. Multipliers 133, 134 and 1 35 respectively mul- 
tiply the corresponding inputs by magnitude weightings 
h 4 , h 5 and h 6 to provide corresponding multiplied out- 
puts. As described previously, the magnitude weight- 
ings h 4 , h 6 and h 6 are provided adaptively to equalize 
the signal in a conventional manner. The multiplied out- 
puts of each of the multipliers 133-135 are provided to 
summer 136 which sums the multiplied outputs to pro- 
vide a summed output that is output to summer 137. 
Summer 137 sums the summed output of equalizer por- 
tion 120 provided from summer 126 and the summed 
output of summer 136 to provide an equalizer output sig- 
nal corresponding to the composite signal described 
with respect to Fig. 7 as output to de-interleaver 106. As 
can be appreciated in view of Fig. 8, fixed long delay 
element 140 separates the taps of the tapped delay line 
of equalizer portion 1 20 from the taps of the tapped de- 



lay line of equalizer portion 1 30 by the fixed delay. 
[0019] As described previously, in order to achieve 
the transmitlerdiversity effect, the independent versions 
of the signal transmitted from base station 30 and re- 
5 ceived by mobile station 10 mu6t be separable. Trans- 
mission of the independent versions of the signal with 
artificial delay from the base station transmitter as illus- 
trated in Fig. 6 enables the independent versions to be 
separated upon recaption. Use of a predetermined time 
delay A greater than one information bit period of the 
transmitted signal prevents RF tobing where nulls are 
formed in the transmit pattern as in the case of simulta- 
neous transmission from an array of antennas fed from 
a common source, and inter-symbol interference where 
the transition edges between digital states suffer time 
dispersion. Accordingly, in a preferred embodiment of 
the invention, the predetermined delay time A is one in- 
formation bil period of the transmitted signal. More pref- 
erably, the predetermined delay time A is at least two or 
three information bit periods of the transmitted signal. 
[0020] As described with respect to Fig. 5, a signal 
transmitted from antenna 301 to mobile station 10 for 
example includes multi paths that are delayed due to the 
signal reflecting off environmental obstacles. The multi- 
paths of a transmitted signal which occur due to envi- 
ronmental obstacles are illustrated in Fig. 2. According- 
ly, the signal transmitted from antenna 301 of the base 
station transmitter is received first at mobile station 10 
and is then provided to equalizer 104. The signal includ- 
ing the multipaths are provided to equalizer portion 1 20 
of equalizer 104 illustrated in Fig. 8, which attempts to 
mitigate smearing of the multipaths to provide an equal- 
ized signal as an output of summer 1 26. The signal in- 
cluding the multipaths is provided from delay element 
122 to fixed delay element 140 which delays the signal 
by the predetermined delay time A and subsequently 
provides the signal including the multipaths to equalizer 
portion 1 30 for equalization. 

[0021] In view of the predetermined delay time A im- 
parted by fixed delay element 1 40, the independent ver- 
sion of the signal transmitted by antenna 302 of the base 
station transmitter of Fig. 6 as delayed by delay element 
320 and including multipaths, is received and provided 
to equalizer portion 1 20 at the same time the independ- 
ent first transmitted version of the signal is provided from 
fixed delay element 140 to equalizer portion 130. Ac- 
cordingly, at that given point in time, equalizer portion 
1 30 attempts to mitigate smearing of the multipaths of 
the independent version of the signal transmitted from 
antenna 301 of the base station transmitter and equal- 
izer portion 120 simultaneously attempts to mitigate 
smearing of the multipaths of the independent version 
of the signal transmitted from antenna 302 of the base 
station transmitter. The equalized independent versions 
of the signal as output from summers 126 and 136 are 
summed in summer 1 37 to provide the composite sig- 
nal. 

[0022] Fig. 9 illustrates the independent versions of 
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the signal including multipaths as operated on by equal- 
izer portion 120 and 130 of Fig. 8 at a corresponding 
point in time. The independent version of the signal that 
is first transmitted from antenna 301 of the base station 
transmitter and including multipaths is indicated by solid 
lines. At the corresponding point in time illustrated in Fig. 
9 t this independent version of the signal including mul- 
tipaths is operated on by equalizer portion 1 30 as indi- 
cated. The independent version of the signal that is 
transmitted from antenna 302 of the base station trans- 
mitter and including multipaths is indicated by dashed 
lines. At the corresponding point in time Illustrated in Fig. 
9, this respective independent version of the signal in- 
cluding multipaths is operated on by equalizer portion 
1 20. The independent versions of the signal as illustrat- 
ed are separated by predetermined delay time A when 
transmitted and are thus operated on simultaneously by 
equalizer portions 120 and 130 which are separated 
from each other by fixed delay element 140. 
[0023] Accordingly, an independent version of the sig- 
nal is transmitted from antenna 302 predetermined de- 
lay time A after an independent version of the signal is 
transmitted from antenna 301 . The independent ver- 
sions of the signal may thus be separated as described 
above by equalizer 104 and may be combined to provide 
a composite signal. Moreover, the independent versions 
of the signal are transmitted from different antennas 301 
and 302 that are either spatially separated and/or or- 
thogonally polarized with respect to each other. The in- 
dependent versions of the signal are thus transmitted 
over different paths and therefore are not subjected to 
correlated fading. The independent versions of the sig- 
nal may thus be combined to provide a composite signal 
having effective signal strength greater than either of the 
independent versions of the signal due to the effects of 
diversity gain. 

[0024] As illustrated in Fig. 10, the independent ver- 
sion of the signal transmitted first from antenna 301 is 
subjected to different fading than the independent ver- 
sion of the signal transmitted a predetermined delay 
time A thereafter by antenna 302. When the independ- 
ent versions of the signal are combined to provide a 
composite signal in equalizer 104, the net effect is more 
than simply adding the signal strength of the independ- 
ent versions of the signal so that the composite signal 
has merely twice the signal strength of either of the in- 
dependent versions of the signal taken alone. This mere 
doubling of the signal strength would correspond to a 
3dB increase. In view of transmitter diversity gain 
achieved in the present invention, the effective signal 
strength of the composite signal may actually be 6-15 
or more dB stronger than that of either independent ver- 
sions of the signal 

[0025] The mobile station receiver of Fig. 7 has been 
described as including equalizer 104 which is illustrated 
in greater detail in Fig. 8. The equalizer of Fig. 8 is de- 
scribed as a TDMA equalizer but may be used as a GSM 
equalizer by changing the number of taps, as described 



previously. In a further preferred embodiment of a mo- 
bile communication receiver tor CDMA systems, equal- 
izer 104 of Fig. 7 is replaced with specialized RAKE ar- 
chitecture 200 illustrated in Fig. 11. In general, RAKE 
5 architectures for CDMA systems experience multipath 
induced channel distortions. However, the bandwidth of 
CDMA systems is very wide, corresponding to a very 
short bit period, and the environmental induced echoes 
are very far apart in terms of numbers of bits. The inter- 
to symbol interference spans many bits in the CDMA sys- 
tems, rather than just two adjacent bits for TDMA sys- 
tems or eight adjacent bits for GSM systems as de- 
scribed previously. The system architecture therefore 
uses variable time delays between a small number of 
15 RAKE fingers to avoid complex equalizer design with 
hundreds or thousands of taps, most of which would be 
set to magnitude zero. Accordingly, in a RAKE based 
CDMA system, only the top three or four effective ech- 
oes are tracked, synchronized and summed to form a 
compensated signal. The scanning function for choos- 
ing the variable delays is done in the time domain to 
identify the delay offsets where the echoes reside. 
[0026] In greater detail as illustrated in Fig. 11, de- 
modulated I and Q components are input to data bus 
210 of RAKE architecture 200. The I and Q signal com- 
ponents are provided from data bus 210 to searching 
unit 21 2 which searches out the echoes of the received 
signal based on the I and Q signal components. Search- 
ing unit 212 provides an indication of where the echoes 
are in the received signal to finger control unit 21 4 which 
provides control signals to RAKE fingers 216, 218 and 
220. RAKE fingers 216, 218 and 220 are each coupled 
to the I and O signal components provided along data 
bus 210 and each delay a respective echo of the re- 
ceived signal by a specific delay in accordance with the 
control signals provided from finger control unit 214. 
RAKE fingers 216, 218 and 220 are thus adaptive to de- 
lay the respective multipath echoes of a received signal 
as illustrated in Fig. 2 so that the outputs of RAKE fingers 
216, 218 and 220 as provided to summer 230 include 
respective echoes of the received signal that are syn- 
chronized with each other in time to effectively mitigate 
smear. 

[0027] The I and Q components are also provided 
from data bus 210 to fixed delay element 240 which de- 
lays the I and Q components by the predetermined delay 
time A. The delayed I and Q signal components are pro- 
vided from fixed delay element 240 to data bus 260. The 
I and Q signal components are provided from data bus 
260 to searching unit 262. Searching unit 262, finger 
control unit 264 and RAKE fingers 266. 268 and 270 
function similarly as searching unit 212, finger control 
unit 21 4 and rake fingers 21 6, 21 8 and 220 respectively. 
Finger control unit 214 provides a control signal to 
searching unit 262 and finger control unit 264 to coordi- 
nate searching and finger control based on the indica- 
tion of where the echoes of the signal are located as 
determined by searching unit 21 2. RAKE fingers 266, 
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268 and 270 are thus adaptive to provide outputs to 
summer 230 which include respective echoes of the re- 
ceived signal that are synchronized with each other in 
time to mitigate smear Summer 230 of RAKE architec- 
ture 200 provides a summed output to a de-interleaver 
which provides a de-interleaved output to a decoder. In 
the CDMA system of this particular embodiment, the de- 
coder may be a Viterbi soft decoder for example. 
[0026] A signal transmitted from antenna 301 of base 
station 30 of Fig. 5 is demodulated by the corresponding 
demodulator which provides I and Q signal components 
of the signal to data bus 210 of RAKE architecture 200. 
The signal including the multipaths are processed by the 
set of RAKE fingers 21 6, 218 and 220 to mitigate smear- 
ing. The I and Q components of the received signal are 
then delayed by fixed delay element 240 and then pro- 
vided to data bus 260 to be processed by the set of 
RAKE fingers 266, 268 and 270. At this particular time, 
the independent version of the signal transmitted from 
antenna 302 of Fig. 5 (as demodulated by the corre- 
sponding demodulator) is provided as I and Q signal 
components to data bus 210. The I and Q components 
of the delayed independent version of the signal includ- 
ing the multipaths transmitted from antenna 302 are 
processed by the set of RAKE fingers 216, 218 and 220 
simultaneously as the set of RAKE fingers 266, 268 and 
270 process the I and Q signal components of the signal 
transmitted from antenna 301 . The outputs of the RAKE 
fingers are provided to summer 230 which outputs a 
composite signal having effective signal strength great- 
er than either of the independent versions of the signal 
due to the effects of diversity gain. 
[0029] It is to be understood that the RAKE architec- 
ture 200 of Fig. 11 illustrates an example for a mobile 
station that receives two independent versions of a sig- 
nal as transmitted from a base station since two sets of 
RAKE fingers are implemented. Generally, RAKE archi- 
tecture 200 includes the same number of RAKE finger 
sets as antennas over which independent versions of 
the signal are transmitted from the base station. A re- 
spective fixed delay element 240 is coupled between 
each pair of RAKE finger sets. It is to be further under- 
stood that the searching units, finger control units and 
RAKE fingers are typical RAKE architecture elements. 
[0030] The invention should not be limited in view of 
the corresponding figures and description thereof. For 
example, the equalizer of Fig. 8 can be simplified for cer- 
tain types of environments. For a TDMA environment 
that uses a narrow effective band with a 30KHz for in- 
stance, there is little delay spread in the environment 
because the bit period is very long. For such a specific 
case, the equalizer of Fig. 8 can be reduced to a single 
two-tap equalizer wherein equalizer portion 120 in- 
cludes only multiplier 123 as a first fixed tap and equal- 
izer portion 1 30 includes only multiplier 1 33 as a second 
fixed tap. The simplified equalizer would not include de- 
lay elements 1 21 , 1 22, 1 31 and 1 32 and multipliers 1 24, 
125, 134 and 1 35. Only fixed delay element 140 would 



be implemented between equalizer portions 120 and 
1 30, thus simplifying the equalizer such that weight, size 
and cost may be reduced. 



Claims 

1. A base station for transmitting an input signal com- 
prising: 

a first antenna for transmitting the input signal; 

a delay element that delays the input signal to 
produce a delayed input signal; and 

a second antenna for transmitting the delayed 
input signal independently o1 transmission of 
the input signal by said first antenna 

2. The base station of claim 1 , wherein said delay el- 
ement delays transmission of the delayed input sig- 
nal by at least one information bit period of the input 
signal after transmission of the input signal. 



25 3. The base station of claim 1, further comprising a 
plurality of additional antennas, said delay element 
including a plurality of different delays for delaying 
the input signal to provide a plurality of delayed in- 
put signals, 

30 said plurality of different delays being set 60 

that an nth antenna of said plurality of additional an- 
tennas transmits one of the plurality of delayed input 
signals a predetermined time after and independ- 
ently of transmission of another one of the plurality 

3S of delayed input signals by an (n-1 ) antenna of said 
plurality of additional antennas, n being an integer 
greater than 1 . 
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4. The base station of claim 1 , wherein said first and 
second antennas are spatially separated from each 
other by 7-1 OX. 

5. The base station of claim 1 , wherein said first and 
second antennas are orthogonally polarized with 
respect to each other. 

6. The base station of claim 1 , wherein said first and 
second antennas are spatially separated and mul- 
tiply polarized with respect to each other. 

7. A method of transmitting an input signal comprising 
the steps of 

transmitting the input signal from a first anten- 
na; 

delaying the input signal to produce a delayed 
input signal; and 
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transmitting the delayed input signal from a 
second antenna independently of transmission 
of the input signal by the first antenna 

8. The method of transmitting an input signal of claim 
7, wherein said step of delaying comprises delaying 
transmission of the delayed input signal by at least 
one information bit period of the input signal after 
transmission of the input signal. 

9. The method of transmitting an input signal of claim 
7, further comprising the steps of: 

delaying the input signal with a plurality of dif- 
ferent delays to produce a plurality of delayed 
input signals; and 

transmitting the plurality of delayed input sig- 
nals from a plurality of additional antennas, 

the plurality of different delays being set so that 
an nth antenna of the plurality of additional an- 
tennas transmits one of the plurality of delayed 
input signals a predetermined time after and in- 
dependently of transmission of another one of 
the plurality of delayed input signals by an (n- 
1 ) antenna of the plurality of additional anten- 
nas, n being an integer greater than 1. 

10. A mobile station of a mobile communication system 
comprising: 

an antenna for receiving multiple versions of a 
signal transmitted at least twice with a fixed de- 
lay between each transmission, the fixed delay 
being at least one information bit of the signal; 
and 

an equalizer for equalizing each version of the 
signal received by said antenna to provide a 
composite signal, 

said equalizer having respective sets of equal- 
izing taps each being separated from an adja- 
cent set of equalizing taps by the fixed delay. 

11. The mobile station of claim 10, wherein said equal- 
izer comprises: 

a first equalizing portion for delaying the re- 
ceived signal in a first tapped delay line, multi- 
plying delayed signals provided from a set of 
equalizing taps of the first tapped delay line with 
first weighting coefficients to provide first mul- 
tiplied signals and summing the first multiplied 
signals to provide a first equalized signal; 

a fixed delay element for delaying an output of 



the first tapped delay line by the fixed delay; 
and 

a second equalizing portion for delaying an out- 
s put of said fixed delay element in a second 

tapped delay line, multiplying delayed signals 
provided from a set of equalizing taps of the 
second tapped delay line with second weight- 
ing coefficients to provide second multiplied 
io signals, summing the second multiplied signals 

to provide a second equalized signal and sum- 
ming the first and second equalized signals to 
provide the composite signal. 

15 12. The mobile station of claim 10, wherein the signal 
is transmitted to the mobile station independently 
from a plurality of antennas of a base station of the 
mobile communication system. 

20 13. The mobile station of claim 12, wherein the signal 
is transmitted from a first of the plurality of antennas 
of the base station and is transmitted independently 
from an nth antenna of the plurality of antennas the 
fixed delay after transmission of the signal from an 

25 (n-1 ) antenna of the plurality of antennas, n being 
an integer greater than 1 . 

14. The mobile station of claim 12, wherein the plurality 
of antennas of the base station are spatially sepa- 

30 rated by 7-1 OX 

15. The mobile station of claim 12, wherein the plurality 
of antennas of the base station are orthogonally po- 
larized with respect to each other. 

35 

16. The mobile station of claim 12, wherein the plurality 
of antennas of the base station are spatially sepa- 
rated and orthogonally polarized with respect to 
each other. 

40 

17. A method of communication diversity for a mobile 
station comprising the steps of: 

receiving multiple versions of a signal transmit- 
4$ ted at least twice with a fixed delay between 

each transmission, the fixed delay being at 
least one information bit of the signal; and 

equalizing each version of the received signal 
so using an equalizer having respective sets of 

equalizer taps each being separated from an 
adjacent set of equalizing taps by the fixed de- 
lay to provide a composite signal. 

55 18. The method of communication diversity of claim 1 7 ( 
wherein said step of equalizing comprises: 

delaying the received signal in a first tapped de- 
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lay line; 

multiplying delayed signals provided from a set 
of equalizing taps of the first tapped delay line 
with first weighting coefficients to provide first £ 
multiplied signals; 

summing the first multiplied signals to provide 
a first equalized signal; 

TO 

delaying an output of the first tapped delay line 
by the fixed delay to provide a first signal; 

delaying the first signal in a second tapped de- 
lay line; is 

multiplying delayed signals provided from a set 
of equalizing taps of the second tapped delay 
line with second weighting coefficients to pro- 
vide second multiplied signals; 20 

summing the second multiplied signals to pro- 
vide a second equalized signal; and 

summing the first and second equalized signals 25 
to provide the composite signal. 

1 9. The method of communication diversity of claim 17, 
wherein the signal is transmitted to the mobile sta- 
tion independently from a plurality of antennas of a 30 
base station. 

20. The method of communication diversity of claim 1 9, 
wherein the signal is transmitted from a first of the 
plurality of antennas of the base station and is trans- 35 
mitted independently from a nth antenna of the plu- 
rality of antennas the fixed delay after transmission 

of the signal from an (n-1) antenna of the plurality 
of antennas, n being an integer greater than 1 . 

AO 

21. The method of claim 7 or 19 wherein the antennas 
are spatially separated from each other by 7-1 OX. 

22. The method of claim 7 or19 wherein the antennas 
are orthogonally polarized with respect to each oth- *s 
er. 

23. The method of claim 7 or 19 wherein the antennas 
are spatially separated and orthogonally polarized 
with respect to each other. so 

24. A mobile station of a mobile communication system 
comprising: 

an antenna for receiving multiple versions of a 55 
signal transmitted at least twice with a fixed de- 
lay between each transmission, the fixed delay 
being at least one information bit of the signal; 



and 

a RAKE architecture for processing each ver- 
sion of the signal received by said antenna to 
provide a composite signal, 

said RAKE architecture having respective sets 
of RAKE fingers each being separated from an 
adjacent set of RAKE fingers by the fixed delay. 

25. The mobile station of claim 24, wherein said RAKE 
architecture comprises: 

a first data bus coupled to the received signal; 

a first set of RAKE fingers coupled to said first 
data bus for delaying the received signal by re- 
spective delays to provide first RAKE signals; 

a fixed delay element for delaying an output of 
said first data bus by the fixed delay; 

a second data bus coupled to an output of said 
fixed delay element; 

a second set of RAKE fingers coupled to said 
second data bus for delaying the output of said 
fixed delay element by respective delays to pro- 
vide second RAKE signals; and 

a summer for summing the first and second 
RAKE signals to provide the composite signal. 

26. A method of communication diversity for a mobile 
station comprising the steps of: 

receiving at the mobile station multiple versions 
of a signal transmitted at least twice with a fixed 
delay between each transmission, the fixed de- 
lay being at least one information bit of the sig- 
nal; and 

processing each version of the signal using a 
RAKE architecture having respective sets of 
RAKE fingers each being separated from an 
adjacent set of RAKE fingers by the fixed delay. 

27. The method of communication diversity of claim 26, 
wherein said step of processing comprises: 

coupling the received signal to a first data bus; 

delaying the received signal by respective de- 
lays with a first set of RAKE fingers coupled to 
the first data bus to provide first RAKE signals; 

delaying an output of the first data bus by the 
fixed delay to provide a first signal; 
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coupling the first signal to a second data bus; 

delaying the first signal by respective delays 
with a second set of RAKE fingers coupled to 
the second data bus to provide second RAKE £ 
signals; and 

summing the first and second RAKE signals to 
provide the composite signal. 
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